The objective of this study was to evaluate the effect of sex class (castrated; non-castrated) and level of food restriction (0%, 30% and 60% of ad libitum consumption) on the quantitative composition of carcass and non-carcass components of Santa Ines lambs. A completely randomized 3x2 design (restriction level x sex class) was used to evaluate thirty lambs approximately two months of age with an average initial body weight of 13 ± 1.49 kg. When the average body weight of the animals in one of the treatment groups reached 28 kg, all animals were slaughtered. Sex class had effect on body weight at slaughter, empty body weight, hot carcass weight and cold carcass weight. The weight of the leg was greater in non-castrated animals. There was linear decreased effect according to increasing levels of restriction for the carcass cuts, except for leg and rear loin yield. There was statistic difference between sex class for the weights of kidneys, paw and large intestine of non-castrated animals (P < 0.05). Blood, head, leather, paw, rumen, reticulum, abomasum, small intestine, large intestine; perirenal, omental, mesenteric and heart fat showed linear decreased effect with the inclusion levels. The quantitative composition of carcass and non-carcass components of Santa Ines lambs is influenced by sex class and food restriction level. Key words: Castration. Commercial cuts. Internal organs. Muscularity index. Sheep.
Introduction
Most sheep farming in the northeast of Brazil passes through a long drought phases that cause problems such as a decrease in the quantity and quality of food available for animals, resulting in alternating periods of weight gain and weight loss, resulting in low overall productivity and poor quality carcasses. This situation has encouraged producers and food scientists to seek alternative methods of farming that would improve meat production in this region. It has been proposed that food restriction, which is used in goats (YÃNÉZ et al., 2006) , bovines (FONTES et al., 2007) and sheep (ALMEIDA et al., 2011) to reduce spending on feed in drought periods and results in compensatory growth, might provide a low-cost alternative to current extensive sheep farming methods. It is important to determine that food restriction would not impair the quality of carcasses, the main link between the producer and the consumer.
During the period of food restriction metabolically active organs related to digestive function decrease in size. Metabolically active tissues such as liver and intestine are the most influenced by restriction which manifests as significant loss in weight (HORNICK et al., 2000) . The type of forage and forage-concentrate ratio can also influence the development of noncarcass components, particularly those involved in digestion, such as the rumen and reticulum (MORENO et al., 2011) .
Sexual class is another factor that influences the quality of carcasses. Carvalho et al. (2005) reported faster growth and higher carcass yield in non-castrated than castrated males. Non-castrated males have a more favorable productivity profile. This is more meat and lower fat content in animals of similar body weight (KLEIN JÚNIOR et al., 2008) .
The body conformation of the animal depends on the proportion and condition of all components of body weight, thus making more fair trade for producers seeking total quality, benefiting consumers both at the lowest price as the improvement in the sanitary aspect (OSÓRIO et al., 2002) . Investigation of non-carcass components is important because they generate extra income for small farmers and may provide an alternative supply of animal protein for underserved populations . This study aimed to evaluate the effects of sex class and level of food restriction on the quantitative composition of carcass and noncarcass components of Santa Ines lambs.
Material and Methods
The trial was conducted at the Department of Animal Science, Federal University of Ceara, Brazil. During the experimental period the average temperature inside the stalls was 25.71 ºC and the average relative humidity was 74.67 % (data obtained from sensors connected to dataloggers installed at the experimental shed).
The thirty Santa Ines male lambs (15 castrated; 15 non-castrated) were about two months of age, with an average initial body weight (BW) of 13.00 ± 1.49 kg. The animals were identified, dewormed and placed in individual stalls with feeding troughs to supply the diet and water.
After a 15-day adaptation period, the lambs were randomly allocated to the treatments, with 5 castrated and 5 non-castrated animals in each food restriction group (0%, 30% and 60% of ad libitum consumption). The experimental design was a completely randomized 3 (food restriction) x 2 (sex class) factorial design giving six treatment groups.
Food restriction was calculated according to the consumption of animals fed ad libitum (0% restriction). Animals were fed on diets as total mixed rations (TMR) twice daily, at 08h00 and 16h00. The animals in the 0% food restriction group received diets formulated to produce a mean daily weight gain of 200 g, with forage: concentrate ratio of 60:40 (NRC, 2007) .
Forage and concentrate samples were dried in a forced air oven at 55 ºC for 72 h, then ground in a knife mill with a 1 mm screen (Wiley mill, Arthur H. Thomas, Philadelphia, PA, USA). The samples were analyzed for contents of dry matter (DM), ash, crude protein (CP) and ether extract (EE), according to AOAC (1990) ; neutral detergent fiber (NDF) and acid detergent fiber (ADF), according to Van Soest et al. (1991) . The chemical-bromatological composition of Tifton-85 hay, ingredients and diet are shown in Tables 1 and 2 . Sniffen et al. (1992) .
2 NFC = 100 -(%NDFap+ %NFC + %EE + %Ash); Weiss (1999) . Animals were weighed every 15 days to calculate average daily gain (ADG). The trial lasted 100 days, until the mean body weight (BW) of one of the treatment groups reached 28 kg; which occurred when the animals had an approximate age of 175 days. At this moment all the animals were slaughtered.
Before slaughter, animals were weighed and then subjected to an 18-hour fast (no solid food or water) and then weighed again to obtain body weight at slaughter (BWS). At slaughter, lambs were stunned using a cash knocker and killed by exsanguination from jugular vein. Immediately after bleeding, the digestive tract was completely removed and weighed full. The individual components: internal organs (liver; heart; lungs, trachea and esophagus; tongue; bladder; kidneys; reproductive tract; spleen), digestive tract (rumen; reticulum; omasum; abomasum; small intestine; large intestine) and fat (omental; mesenteric; perirenal; pericardial) were weighed separately from the body. The contents of the gastrointestinal tract (GIC), bladder (B) and gallbladder (GB) were emptied, washed and drained and then weighed again to obtain the empty body weight (EBW) using the formula EBW = BWS -(GIC + B + GB). The legs, head and other internal components were removed and weighed. The carcass was then weighed, and this value, the hot carcass weight (HCW), was used to calculate hot carcass yield (HCY) from the relation between the HCW and BWS. The carcasses were then cooled at 4°C for 24 h.
After the cooling period, the carcasses were weighed, this value was the cold carcass weight (CCW). Loss by cooling (LC) was calculated: LC (%) = [(HCW -CCW) / HCW] x 100. The commercial carcass yield or cold carcass yield (CCY) was calculated as the ratio of CCW to BWS, expressed as a percentage. The biological yield (BY) was calculated using the formula BY (%) = HCW / EBW x 100. After weighing, the yield of non-carcass components (NCC%) was calculated relative to the EBW, using the formula NCC (%) = (NCC weight in kg / EBW) x 100.
The left half carcass was divided into eight anatomical regions (shoulder, leg, fore and rear loin, rib, neck, chest and flank), which were individually weighed to determine their percentage in relation of the whole carcass. The cuts were based on the system adopted by Monte et al. (2007) .
Carcass musculature was assessed by determining the loin eye area (LEA) according to the method described by Müller (1987) and Cezar and Sousa (2007) . The values obtained were inserted into the following formula to determine the LEA in cm²: LEA = (A/2 x B/2) x π, where: π = 3.1416.
The normality and homoscedasticity of the distributions of variables were assessed using the Lilliefors and Bartlett tests respectively. All data were then subjected to analysis of variance. When there was no interaction, was applied the F test (P < 0.05) for classes and regression analysis to restriction levels.
Statistical analyses were carried out using the SAEG® programs, according to procedures described by Ribeiro Júnior and Melo (2009); considering the effects of sex class, restriction level and the interaction between sex class and restriction level. Significance threshold of 5% was applied to all comparisons.
Results and Discussion
There were no interactions between restriction level and sex class for carcass traits (Table 3) . The non-castrated lambs showed higher BW, BWS, EBW, HCW and CCW than castrated animals. Non-castrated animals have a greater proportion of the hormone testosterone, which promotes muscle growth, thus producing a greater proportion of muscle mass and influencing the quality and carcass composition of lambs, such that the proportion of bone and muscle is higher, and the proportion of fat lower in non-castrated males than castrated males. According to Carvalho et al. (1999) , sex class influences the growth rate and deposition of body tissues in various animals, with the highest growth rates in non-castrated males, followed by castrated males, then females. Food restriction had a linear decrease effect on BW, BWS, EBW, HCW, HCY, CCW, CCY and BY, indicating that food restriction can reduce the quality of carcass and hence its market value. For each 1% increase in the level of food restriction, LC increased by 0.06%; this was in line with expectations as the carcasses of the food-restricted animals had less subcutaneous fat which probably facilitated water loss during the cooling period. Cezar and Sousa (2007) stated that higher weight at slaughter implies a heavier carcass and consequently a higher carcass yield; this may be because the components which make up the commercial carcass grow faster than the other components of the body in terms of live weight. The fastest growing non-carcass regions, such as head and paw, grow slower than the central body region. The trunk composes most of the carcass, so that the increases in body weight associated with the age of the animal results in higher carcasses yields (CEZAR; SOUZA, 2007). Yãnéz et al. (2006) investigated the effect of food restriction on carcass characteristics in Saanen goats, reporting that BWS, EBW, HCW and CCW were negatively associated with food restriction. Almeida et al. (2011) , evaluating compensatory growth in Santa Ines lambs fed three different diets (ad libitum intake; intake to maintain body weight; a period of food restriction followed by ad libitum intake), observed that animals subjected to food restriction had lower final live weights (51.5 kg) when compared to ad libitum intake (58.3 kg) and compensatory growth (62.8 kg).
In this study, HCY, CCY, BY and LC did not show differences between the sex classes. Osório et al. (2005) , evaluating carcass morphology in vivo, production and commercial characteristics of Corriedale lambs, and Carvalho et al. (2005) , studying hot carcass yield in Sussex lambs, in consonance with this research, did not find differences for sex classes.
The fore loin, weighted in kg, was the only commercial cut that showed interaction (P < 0.05) between sex class and level of food restriction (Table 4) . Non-castrated animals, in the 0% restriction group, presented higher values of fore loin weight than castrated animals. The fore loin weight of non-castrated animals decreased 0.008 kg for every 1% increase in the level of restriction. Probably the animals subjected to 0% restriction consumed more food than the other groups and the amount of nutrients ingested was sufficient to supply the requirements of maintenance and production, thus revealing differences between the sex classes. The weight and yield of the commercial cuts leg, shoulder, chest, ribs, flank, rear loin and neck, as for the fore loin yield did not show significant interaction between sex class and restriction level (Table 5 ). The mean weight (in kg) of the leg cut was higher in non-castrated males (P < 0.05), but its yield was not influenced by sex class. The leg is a noble cut that concentrates a large number of muscles; BWS and EBW were also higher in noncastrated animals than in castrated animals in this study, which may account for the difference in leg cut weights.
According to Cezar and Souza (2010) , the proportions of the different cuts in the carcass are an important factor in market value. In this way, the higher proportion of cuts containing more muscle and the lower proportion containing a large amount of bones makes the carcass more commercially valuable. The shoulder, chest, ribs, flank and neck cuts was negatively influenced by food restriction; the greater the level of food restriction the less these cuts weighed. Nóbrega et al. (2013) studied compensatory growth in sheep subjected to different levels of food restriction (0, 20, 40 and 60%) and reported that the weight of various cuts decreased linearly as the level of restriction increased, even if restriction was followed by refeeding. In this study, chest, neck and fore loin yields were unaffected by food restriction. These results are consistent with the law of anatomical harmony, which states that the proportions of the various cuts will be similar across carcasses even with different weights, possibly due to the differences in the development of tissues, such as muscle and fat.
Food restriction increased leg and rear loin cuts yields this is greater food restriction resulted in an increase in the proportion of half carcass weight made up by those cuts. Immediately after birth many of the muscle groups of the lower limb, such as semi-membranous muscles, grow much faster than the muscle mass as a whole and this group of muscles quickly comes to make up a greater proportion of total muscle mass than at birth (BUTTERFIELD, 1988) . In lambs subjected to 60% food restriction, this muscle group is proportionally the largest component of muscle mass when the animal weighs around 20% of its adult mass. As the animals continue to grow, the relative weight of lower limb muscle decreases gradually as the relatively high growth rate in this muscle group is gradually overtaken by the growth of the muscles as a whole. Other muscle groups increase rapidly in mass to fulfill the functional requirements of the developing animals. The muscles located around the spine presents the same behavior, because the longissimus and psoas major comprise about 60% of the weight of the muscle group and their growth patterns have a profound influence on the growth and maturation of the group as a whole.
There was no interaction between restriction level and sex class for the LEA although food restriction had a negative effect on LEA (Table  6 ). This finding was unsurprising as most of the carcass variables studied for instance BWS, EBW, HCY, CCY, cuts and carcass measurements were also sensitive to feed decrease. These results indicate that very high levels of food restriction can compromise carcass quality in lambs. Urano et al. (2006) reported a mean LEA of 14.8 cm² in Santa Ines lambs fed with increasing levels of whole soybean, higher than the obtained in this study. 
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There was a linear negative association between restriction level and heart weight and yield and respiratory system weight (Table 7) . These results conflict with those of Moreno et al. (2011) who stated that the yields of vital organs such as the respiratory tract, brain and heart were, unlike organs related to digestion and metabolism of food, not influenced by diet as they had priority in the use of nutrients and thus their integrity was robust against changes in the nutritional status of the animals. Table 7 . Average weights (kg) and yields (%) of the heart, respiratory system (Resp. Syst.), liver, kidneys and spleen in Santa Ines lambs subjected to food restriction. There were no interactions between restriction level and sex class for the heart, respiratory system, liver, kidneys and spleen (Table 7) , however there were sex class differences in the weight of the kidneys.
We observed no significant changes in liver weight or yield, indicating that increasing the level of food restriction produced no reduction in the weight or performance of that organ, in contrast to Ferrell and Jenkins (1998) who observed that the liver exhibits a high metabolic rate because it participates actively in nutrient metabolism and therefore responds to reductions in food intake.
Non-castrated animals had heavier kidneys than castrated animals . Luchiari Filho (2000) noted that the carcasses of non-castrated animals have approximately 8% less fat and 38% more muscular portion than those of castrated animals due to the action of the hormone testosterone. Kidneys participate actively in the excretion of substances and the carcasses of non-castrated animals are heavier than those of castrated animals, so this may account for the observed difference in kidney weight.
Spleen weight was negatively affected by food restriction (Table 7) , as observed by Seebeck's (1967) in a study with bovines subjected to food restriction. The cited authors noted that one of the functions of the spleen is to store blood for release under stressful conditions. In this research, lower spleen weights may have been thus related to the concomitant reduction blood weight (Table 8) . Table 8 . Average weights (kg) and yields (%) for blood, head, leather, paw, omasum (OMA), abomasum, rumenreticulum (RURE), small intestine (SI) and large intestine (LI) in Santa Ines lambs subjected to food restriction. There were no interactions between sex class and restriction level for weights of blood, head, leather and paw. These variables were negatively affected by food restriction, an unsurprising result which was similar to the pattern of effects on carcass traits. The weight of the paw differed between sex classes (Table 8) ; non-castrated animals had a higher mean paw weight than castrated animals. The omasum, although participates actively in food digestion, was not influenced by food restriction, considering its weight in kg.
There was no interaction between sex class and food restriction level in terms of the weights or yields of abomasum, rumen-reticulum or small or large intestine although food restriction was negatively associated with the weight and performance of these organs, possibly because they are directly involved in food digestion. Furlan et al. (2006) stated that the function of the small intestine is to absorb nutrients and that its size is proportional to the organism's body size and related to the type of food consumed. These authors suggested that experience of a vast dietary nutrient intake stimulates further development of the intestines, as nutrients that escape ruminal fermentation induce mitotic processes of intestinal villi. Hornick et al. (2000) also reported that highly metabolically active tissues such as the intestines were more affected by food restriction which manifested as large weight losses in these tissues, as observed in this study.
The data presented in Tables 7 and 8 show that feeding restrictions imposed on the lambs reduced the size of their internal organs and that this decrease may have been associated with lower basal metabolism.
There was no interaction between food restriction level and sex class influencing fats (Table 9 ). Fat deposits were negatively affected by food restriction, probably because nutrients taken in during feeding are converted into energy and excess energy is then transformed into muscle and adipose tissue (LISBOA et al., 2010) . When food intake is lower the body produces less adipose tissue as the energy from food is used to meet the needs of the animal. Table 9 . Average values weights (kg) and yields (%) for perirenal fat (PF), omental fat (OF), mesenteric fat (MF) and heart fat (HF) in Santa Ines lambs subjected to food restriction. 
Conclusion
Food restriction negatively influences the quality of carcasses. Sex class affects quantitative carcass traits, with higher carcass and cut weights in noncastrated males. The weight and yield of the noncarcass components of growing Santa Ines lambs are influenced by sex class and food restriction level.
